Functional analysis of Caenorhabditis elegans glutamate receptor subunits by domain transplantation.
Glutamate receptors are not only abundant and important mediators of fast excitatory synaptic transmission in vertebrates, but they also serve a similar function in invertebrates such as Drosophila and the nematode Caenorhabditis elegans. In C. elegans, an animal with only 302 neurons, 10 different glutamate receptor subunits have been identified and cloned. To study the ion channel properties of these receptor subunits, we recorded glutamate-gated currents from Xenopus oocytes that expressed either C. elegans glutamate receptor subunits or chimeric rat/C. elegans glutamate receptor subunits. The chimeras were constructed between the C. elegans glutamate receptor pore domains and either the rat kainate receptor subunit GluR6, the alpha-amino-3-hydroxy-5-methyl-4-isoxazole propionate (AMPA) receptor subunit GluR1, or the N-methyl-d-aspartate (NMDA) receptor subunit NMDAR1-1a. Although native subunits were nonfunctional, 9 of 10 ion pores were found to conduct current upon transplantation into rat receptor subunits. A provisional classification of the C. elegans glutamate receptor subunits was attempted based on functionality of the chimeras. C. elegans glutamate receptor ion pores, at a position homologous to a highly conserved site critical for ion permeation properties in vertebrate glutamate receptor pores, contain amino acids not found in vertebrate glutamate receptors. We show that the pore-constricting Q/R site, which in vertebrate receptors determines calcium permeability and rectification properties of the ion channel, in C. elegans can be occupied by other amino acids, including, surprisingly, lysine and proline, without loss of these properties.